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EffectsofSucroseBtersofFattyAcidsonFlatSour
SpoilagebyObligateAnaerobes*

AkihikoNAXAYAh(A,JunkoSoNOBEandRiekoSEINYA

Theeffectsoftwocommercialemulsitiers(sucroseestersoffattyacidswithC16andC18
fattyacidmoieties)onthegrowth,germinationand/oroutgrowthofsixstrainsofthe
causativebacteriaof0.A.月atsourspoHagewerestudied.
IntheTSiFmedium,bothemulsiGersatconcentrationshigherthanlOOppminhibited
thegrowthofallsixstrains.Forgerminationand/oroL1tgrOWth,theminimalinhibitory
concentration(MIC)ofoneoftheemulsifierswaslOppmandthatoftheotherwas10to
lOOppmdependingonthestrain･
Inthecoffeemedium,thehighestMICofbothemulsはersforgrowth,germinationand/
oroutgrowthwas300ppm.ⅠntheshtrlLkomedium,thehighestMICofoneoftheemulsi･
免ersforgrowthwas5000ppmandthatoftheotherwas6000ppm. ThehighestMICof
bothemulsifiersforgerminationand/oroutgrowthwas5000ppm.
ItisconcludedthatthesucroseesterscanpreventO･A･兄atsourspoilageat300ppm
incannedcoffeeandat5000ppm incannedshiTILko.Itissuggestedthattheadditionof
thesucroseesterswouldeffectivelypreventthespoi】ageofcanneddrinkskepthotinvend-
itlgmachinesinJapan.

IntrodtlCtion

lnpreviouspapersl卜 4),weshowedthata

newtypeoff一atsourspoilage(0.A.natsour
spoilage)ofcanneddrinks,keptheatedin

vending machinesin Japan,iscaused by
thermophilicobligateanaerobes,incontrast

tothe爪atsourspoilageknowntobecaused

by thethermophilic facultativeanaerobes,

BacilhLSStearOthermoPhilzLSOrBacl'[llLSCOagu-
la12S5). Wealsoreportedthattheheatresis-

tanceofthecausativebacteriaissohigh
thattheconventionalthermalprocessesare
insufncienttosterilizethecanneddrinkse)-I)
Asacountermeasureto the spoilage,pr10r

UVirradiationofthedissolvedsugar,which
isprobablythesourceofthecausativebacteria,
wasrecommended6)･7)

However,thepossibilityremainsthatthe

Causativebacteriamayalsoarisefrom in･
gredientsotherthansugar,andamorereli･

ablemeansforpreventir)g thespoilageis
desirable.In thispaperwe describe the

preventiveeffectson0.A.月atsourspoilage
incanneddrinks,ofsucroseestersoffatty
acids,whichhavebeenusedincannedcoffee
asanemulsiflerandareknowntoinhibitthe

growthofmicroorganisms8卜 】6)

MaterialsandMetllOds

MicroorgaJlisms
ThebacteriatestedWerethesixisolates

(StrainNos.24-1,13･1,26･11,27-8,28-3and28･4)
whichhavebeenfoundinourlaborator･yto
bethecausativebacteriaof0.A.負atsour

spoilage2)-4).StrainNos.24･1,13-1,26･lland
27･8wereisolatedfrom spoiledcannedcoffee

samples,andStrainNos.28･3and28-4were

*ANel､,TypeofFlatSourSpoilage-Ⅵ
注 本論文は日本食品衛生学会の好意により､食品衛生学雑誌 ･第23番第1号掲載論文を転載したもので
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isolatedfromspoiledcannedshirlLko(asweet
adzukibeandrink)samples.

SztcroseesteT･SOffattyacids
Thesucroseestersoffattyacidsusedwere
twokindsofcommercialemulsiもer,p-1570

andS-1570(RyotoCo.,Ltd.),withC16 and
C18fattyacidmoieties.Thecompositionsof
thefattyacidsandsucroseestersofthe
emulsifiersareshowninTable1.

Table 1.CompositionsofFattyAcidsand
EstersoftheEmulsiAersP-1570andS･
1570*

Sucrose Fattyacidmoieties Esters

ester palmitic Stearic Mono Di&trj

p_1570 70% 30% 70% 30%
S.1570 30 70 70 30

*ApproximateconcentrationsaccordingtoRyoto
Co.,Ltd.,Tokyo,Japan

InhibitzlontestsofsIECrOSeeSterSOffatfJ'aC2'ds
illTSiF177edizLm:)
Becausetheemulsifiersdonotglveclear

solutionswhentheconcentrationsarehigher
than20-30ppm,detectionofthegrowthof
bacteriabyturbidity measurementsisnot
suitable.TheTSiFmedium,whichisblack･

enedbythereduction ofsulntewith the

growth ofthebacteria,wasusedforthe
inhibitiontests.Theconcentrationsofthe
ernulsi鮎rsrangedfrom 0tolOOOppm for
thetestsoftheeffectsongrowthandfrom

oto100ppm fortheeffectsonthegermina-
tionand/oroutgrowth･
Fortheformertests,0.2mlaliquotsof
themTGCmedium17)incubatedat550Cfor

10dayswiththebacteriawereinoculated
intolOmloftheTSiFmediacontainingthe

emulsiGersatvariousconcentrations.All
thesemediaWeresealedwithsterileI)quid

para作れandincubatedat55こCfor15days･
Thegrowthofthebacteriawasobservedby
followingtheblackeningofthemedia.The
experimentswereruninduplicate･
Forthelattertests,Sporesuspensionsof
thestrainspreparedbythemethoddescribed

previously2)wereused.Thesporeconcentra･
tionsofthestrainswereasfollows:Strain

h.0.24･1,2.3×106/ml;StrainNo.13･1,6･4×

10ソmI;StrainNo.26-ll,1.0×105/ml;Strain
No.27･8,6.4×10ソml;StrainNo.28･3,1.0×
10ソml;Strain No.28･4,9.5×10ソml.The
inoculationandtheincubationwerecarried
outinthesamemannerasintheformer
tests.

InhibitioチItestsOfsucrose宅SterSOffattJ･acids
l')ICOjreeaT2dshirlLhomedia
TheformulaeofcoffeeandshiTukomedia
areshowninTable2.

TabLe 2.FormulaeofCoffeeandsh2'rtLkomedia

Coffeemedium

Ingredients Concentration

Coffeeextract
Cow'smilk

Sugar
Skimmilk
NaHCO3

85 %(Ⅴ/v)
15 %(Ⅴ/v)
8 %(W/V)
2 %(W/V)
0.06%(W/v)

pH:6.3-6.5

ShirzJkomedium

Ingredients Concentration

CannedyttdelIdztlki 45 %(W/V)
NaCI 0.1%(W/V)

pH:6.2
Brix:18%

Roastedcoffeebeans(Colombia,Ueshima

CoffeeCo.,Ltd.),cow一smilk,skim milk,

granulated sugar and sodium bicarbonate
(specialgrade)werecommerciallypurchased.
Toobtaincoffeeextract,25gofroasted
coffeebeanswasgroundlandextractedwith
500mlofdeionizedwaterinanelectriccof-
feemaker.To removebacteriafrom the

sugar,especiallybacteriasimilartothestrains
used,granulatedsugarwasdissolvedinan
appropriateamountofdeionizedwater,and
thesolutionwasfilteredthroughMillipore
Blters(GSWP047SO).TheGltratewascon･
ce】1tratedunderavacuum.Theconcentra･
tionsoftheemulsihersaddedtothecoだee

mediumrangedfrom0t0500ppmatintervals
oflOOppm.
Cannedyudeadzuki(traditionalJapanese
boiledandsweetenedadzukibeanproduct)
andsodiumchloride(specialgrade)werecom-

merciallypurchased_
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Topreparetheshirukomedium,thecom-
mercial Cannedyudeadzukiwasdilutedwith
deionized water(45% W/V).The mixture
washomogenizedandsodium chloride(0.1%
W/v)wasaddedtothehomogenate.Tothis
shirlLkomedium,theemulsiBerswereadded
atconcentrationsupto6000ppmatintervals
oflOOOppm.
Tenmlaliquotsofallthesemediawere
distributedintotesttubes,autoclaved,and
sealedimmediatelywithsterileliquidparaffin,
The cultures (mTGC media)and spore
suspensionsofthestrainswereinoculated
inthesamemannerforthetestswithTSjF

media,exceptthat丘vecoffeeand点veshiruko
mediawereusedforeachconcentrationof

theemulsiherinsteadofduplicateexperiments
asinthecaseofTSiFmedium.Thespore
concentrationsofthestrainswereasfollows:

StrainNo.24･1.4.9×106/ml;StrainNo.1311,
2.4×10ソml;Strain No.26-ll,1.0×10ソml;
StrainNo.27-8,7.9×103/ml･.StrainNo.28-3,
1.1×102/ml;StrainNo.28-4,3.5×106/ml.All
thesemediawereincubatedat55rCfol･30

daysandtheirpHvaluesweremeasuredto
detectspoilage.
Ascontrols,30coffeemediaand10shirliko
mediacontainingtheemulsiBersateachcon･
centrationweretreatedinthesamewaybut
withouttheinoculation.

ResⅥlts

J〃hibitoryejfectsofsucroseestersof/at/)I
acidsinTSiFmedium
Table3showstheeffectsoftheemulsifiers

(p-1570andS･1570)on thegrowth ofthe
sixstrains.ThemediacontaininglOOppm
orhigherconce!1trationsofbothemulsiGers
werenotblackenedbyanyofthestrains.
Table4showstheeffectsoftheemulsi_

fiersonthegerminationand/oroutgrowthof
thesporesofthesixstrains.Strain加os.
13-1and26-lldid notblackenthemedia

containinglOppm orhigherconcentrations
ofP･1570,and the otherstrainsdid not
blacken the media containing lOOppm or
moreoftheemulsiGer.Ontheotherhand,
themediacontaininglOppm ormoreofS･
1570werenotblackenedbyanyofthestrains
tested.

InhibiEoryeHecisofsucroseestersoffaltyacids
illCOMeemedium
Tocon缶rm theirsterility,.thethirtymedia
containing differentconcentrations ofthe
emulsifierswereincubatedwithoutinoculation
ofthestrains.Itwasfoundthatafter30

daysat55ご'C thepH valuesofthemedia
rangedfrom 5.9to6.1.Nospoilagewas
observedamongthemedia.
TheeffectsoftheemulsiGersonthegrowth,
germination and/or outgrowth ofallsix
strainsinthecoffeemedium areshownin

Fig.1.ThepHvaluesofspoiledmediaare
giveninthe允guresandthoseofnormalones
inthe六gurelegend.ThepHvaluesofspoiled
mediawereloll,erthanthoseofnormalones.

Themaximum dropofpHvaluewasabout
1.0ur)jt.

StrainNo.24･ldid notspoiltheco斤ee
mediaWhelltheconcentrationoftheemulsi.

月erswashigherthan300ppm inbothexperi･
meれts,with the cultures (mTGC media)
(A)andthesporesuspensions(B).
StrainNo.13-1did notspoilthecoffee
mediacontaining200ppm orhigherconcen-
trationofP-1570andthosecontaining300ppm
orhigherconcentration ofS-1570in both
experiments(A andB).
StrainNo.26-lldidnotspoilthecoffee
mediacontaining200ppm orhigherconcen-
trationofP-1570inexperimentA.However,
inexperimentBWithP･1570andbothexperi-
mentsA andB withS･1570,inhibitoryef･
fectsWereobservedwith300ppm ormore
oftheemulsifiel･S.

StrainNo.27-8did notspoilthecoffee
mediacontaining300ppm orhigherconcen･
trationofeitheremulsifierinalltheexperi-
ments.

StrainNo.28･3did notspoilthecoffee
mediacontailling200ppm orhigherconcen･
trationofP･1570inexperimentB.However,
inexperimentAwithP･1570andbothexperi-
mentsA andち withS-1570,inhibitoryef･
fectswereobservedwith300ppm ormore
oftheemulsifiers.

StrainNo.28･4did notspoilthecoffee
mediacontaining300ppm orhigherconcen･
trationofeitheremulsiGerinalltheexperi･
ments.
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Table 3.EffectsoftheSucroseEstersofFattyAcidsontheGrowthoftheStrainsinthe
TSiFMedium*1

Sucrose Concn.of
ester sucroseester

StrainNo.

26.I1 27.8

O ppm
O.01

0.1

1.0

P.1570 10
100

200

300

500

1000

ql*+
+
+
｣･
+
一
一
一
一
一

+
+
+
+
+
一
一
一
一
一

〇r*+
+
+
+
+
一
一
一
一
一

+

+
+
+
+
t
l
I
I
l

クー■+
+
+
+
+
1
1
1
1
J

+
+
+
+
+
一
l
一
一
一

ウ)*+
十
十
+
+
一
一
一
一
一

l
一▼
'
一
■一
l
I
l
}

+
+
+
+
+
一
一
一
l
一

i)u*+
十
十
+
+
一
一
一
一
一

l
一
●一
l
I
'
●一
'一
●一

十
+
+
+
+
J
J
J
I
一

CJ*+
+
+
+
+
L
I
I
l
一

'
l
l
'
一
l
l
l
■●

+
+
+
+
+
I
I
J
I
J

10

1

0

0

0

0

1
0

0

0

0

0

0

1
0

0

0

0

0

1

2

3

5

01

07SS

+
+
+
+
+
一
一
一
一
一

l
I
I
I
l
■一
●.
一
'

+
+
+
+
十
一
一
一
一
一

+
+
+
+
+
J
I
I
I

I

十
十
+
+
十
一
一
一
一
一

+
+
+
+
+
一
一
一
一
一

十
十
十
+
+
一
一
l
l
l

+
+
+
+
+
一
l
一
一
一

'
'
l
'
l
I
l
一
▲'

+
+
+
+
十
一
一
一
一
一

+
+
+
+
+
l
I
l
)
J

+
+
+
+
+
[
1
-
I
J

+
+
+
十
十
一
一
一
一
一

l
l
'
l
I
l▼
l
一▼
l

十
十
+
十
十
一
一
一
一
一

*lDuplicateexperiments
*eBlackenir)gofthemedium wasobserved,+:blackened,-:notblackened

Table 4.EffectsoftheSucroseEstersofFattyAcidsontheGerminationand/orOut-
growthoftheStrainsintheTSiFMedjum*

Sucrose Concn.of
ester sucroseester

StrainNo.

26_11 27.8

Oppm
O.01

P.1570 0.1
1.0
10

100

+
+
+
+
十
一

l
I
A
l
Jb

+
+
+
+
+
I

+
+
+
+
一
一

+
十
+
+
一
一

+
+
+
十
一
一

+
+
+
+
一
l

+
+
+
+
十
一

十
+
+
+
十
一

+
+
+
+
+
T

+
+
+
+
+
一

+
+
+
+
十
一

+
+
+
+
+

一

HHO

1
0

0

0

0

1

0

0
1
01

075'⊥■S

+
+
+
+

+
+
+
+

1

+
+
+
+
一
一

十
十
+
+
一
一

+
+
+
十
一
一

十
+
十
十
一
一

十
十
+
十
一
一

l
I
l
一
l

十
十
十
十
一
l

+
+
+
+
I
J

十
十
+
十
一
一

+
+
+
十
一
一

+
十
+
+
一
一

*SymbolsarethesameasinTable3.

InhibitoryeHectsofsucroseestersoffatty thestrains.Itwasfoundthatafter30days
acidsintheshirukomedium at550CthepH valuesofthemediaranged

Tocon丘rm theirsterility,thetenmedia from 5.4to5.7,Nospoilagewasobserved
containingeachconcentrationoftheemulsi･ amongthemedia.

丘erswereincubated withoutinoculationof Theeffectsoftheemulsはersonthegrowth,
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germinationand/oroutgrowthofthethree
strainsintheslu'rukomedium areshownin

Fig.2.ThepHvaluesofspoiledmediaare
giveninthe名guresandthoseofnormalones
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Fig.1.E打ectsofthesucroseestersoffattyacidsinthecoffeemediumonthegrowth,
germinationand/oroutgrowthoftheisolatedstrains

A:Vegetativecellsinoculated, B:Sporesinoculated

[::コ:Spoiled(numeralsshowpHvalues), - :NotspCiled(pH:5.9-6.1)
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Fig.2.E打ectsofthesucroseestersoffatty
acids in the shtruko medium on the
growth,germinationand/oroutgrowthof
theisolatedstrains
A:Vegetativecellsinoculated,ち:Spores
inoculated

⊂コ:Spoiled(numeralsshow pHvalues)
- :Notspoiled(pH:5.4-5.6)

StrainNo.28･3didnotspoiltheshiruko
mediacontaining4000ppm orhigherconcen･
trationofeitheremulsiBerinexperimentB.
However,inexperimentA,inhibitionswere
observedwith5000ppm ormoreofP-1570,
andwith6000ppm ormoreofS-1570.
StrainNo.28-4didnotspoiltheshiruho
mediacontaining4000ppm orhigherconcen-
trationofP-1570inexperimentB.Inexperi-
mentA withP-1570andS･1570andexperi-
mentBwithS･1570,inhibitionswereobserved
with5000ppm ormoreofbothemulsihers.
StrainNo.24･1didnotspoiltheshirlLko
mediacontaining5000ppmorhigherconcen-
trationofeitheremulsifierinalltheexperi-
ments.

DisctIS8iorL

ThesucroseestersoffattyacidsWhich
havealreadybeenreportedtohaveinhibitory
effectsonthegrowthofmicroorganismsare
sucrose laurate8)･10)-13), caprylatela)･13)･16),

capratell)･12)･18), myristatell), palmitateg)･11),
olaidatell), oleatell), linoleatelt), etc. Ⅰn
thesereports,theminimalinhibitoryconcen-
trationsofthesesucroseestersrangedfrom

approximately30tolOOOppm.Accordingto
Haeneland Muler-Beuthow,the minimal
inhibitoryconcentrationsofsucrosepalmitate
onsomeclostridiawerelOOppmO).Conley

andKabarareported thattheminimalin-
hibitoryconcentrationsofsucrosepalmitate
onsevenstrainsofGram･positivebacteria

wereapproximately30to500ppmIL). Inthis
study,we found that sucrosepalmitate･
stearateaffectsthegrowthofthebacteria
causing0.A.免atsourspoilageattheminimal
inhibitory concentration of100ppm (Table
3),whichfallsintherangesdescribedabove.
Inthecaseoftheinhibitiontestsinthe

TSiFmedium,thegrowthofthestrainsWas
inhibited by lOOppm of both emulsはers･
However,･germinationand/oroutgrowthwere
inhibitedby10orlOOppm ofP-1570,and
bylOppm ofSl1570(Tables3and4).These
resultsshow thattheeffectsoftheemulsi一

点ersonthegerminationand/oroutgrowth
aregreaterthanonthegrowth.Itwasfound
thatP11570andS-1570haveequalleFfectson

growth,butS-1570ismoree斤ectiveongermi-
nationand/oroutgrowththanP･1570･
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Inthecaseofinhibitiontestswithfoods, esterswouldeffectivelypreventthe0.A.允at

acomparisonofthee打ectsoftheemulsihers sourspoilage ofcanneddrinkswhich are

ongrowthandongerminationand/orout･ kepthotinvendingmachinesinJapan.
growth indicatesthatthelatteraremore
sensitivethantheformertotheemulsiGers.

exceptforStrainNo.26-ll(Figs.1and2),

Theseresultsagreewiththeresultsobtained
intheTSiFmedium (Tables3and4).

A comparisonoftheeffectsofP-1570and
S･1570Suggeststhattheformerismoreef-
fective,incontrasttotheresultsobtained
withtheTSiFmedium(Table4).Thereason
forthisdifferenceisnotknown.

StrainNos.28-3and28･4,isolatedfrom the

cannedshirLEkosamples,spoiledtheco拝ee
medium andthespoilagewasinhibitedby
theemulsiBersinthesamemanneraswith

thefourstrainsisolated from thecanned

co打eesamples(Fig.1.).Conversely,Strain
No.24･1.isolated frl0m thecanned coffee

samples,spoiledtheshirukomedium andthe
spoilagewasinhibitedbytheemulsifiersin
thesamemannerasWiththetwostrains

isolatedfromthecannedshirukosample(Fig.
2).Theseresultsfurthersupportourprevi･

ousconclusionthat0.A.月atsourspoilageof
cannedcoffeeandcannedsIu'rukoarecaused

bythesameobligateanaerobesO .
Thelowestconcentrationsofthesucl･OSe

estersrequiredtoinhibitgrowth,germina･

tionand/oroutgrowth in theTSiF,coffee
andslu'rlLko media incl･eaSed markedly in
that order. According to Bourne etal.,
Sucrosemonostearateformsaninsolublecom-

plexwith starches19). Katoand Shibasaki

reportedthattheantimicrobialactivitiesof

sucrosedicaprylateareinRuencedbysome
foodconstituents12). Tnview ofthesefind.

ings,ltisconsideredthattheresultsobtained

hereareduetolossoftheinhibitoryactivities
ofthesucroseestersduetointeractionwith

food constituents.Thus,especially in the
caseoftheshirukomedium,thehighcon･
centration ofstarch in the adzukibeaIIS

means that a high concentration ofthe

sucroseestersisrequiredfortheinhibition.
Fromalltheseresults,itisconcludedthat
thesucroseestersprevent0.A.月atsour

spoilageat300ppm incannedcoffeeandat
5000ppm incannedshirlLko.Therefore,it
isconsideredthattheadditionofthesucrose

Inaccordwiththisview,Japanesepackers
haveinformedtheauthorsthatthepractical

ratesof爪atsourspoilageamong canned

drinksappeartohavedecl･eaSedafte-~the
additionofemulsifiers.
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